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JXLGHWKHYHKLFOHDORQJWKHRSWLPDOURXWHWRGHVWLQDWLRQDWODVWWRUHDOL]HUHDOWLPHYHKLFOHQDYLJDWLRQ7KXVLW
FDQEHVHHQWKDWWKHDEXQGDQWURDGQHWZRUNVDQGWUDIILFLQIRUPDWLRQLVWKHEDVLVIRUSDWKSODQQLQJDWWKHVDPH
WLPHLWLVWKHSUHUHTXLVLWHDQGEDVLVIRUYHKLFOHQDYLJDWLRQ$WSUHVHQWWKHPDUNHWDSSOLFDWLRQRISURYHQYHKLFOH
QDYLJDWLRQV\VWHPLVPRVWO\EDVHGRQWKHVWDWLFQHWZRUNPRGHOEXWWKHIDFHRIWUDIILFUHDOLW\WKHUHDUHPDQ\
IDFWRUVRILQVWDELOLW\WKHXVHUGRHVQRWVDWLVILHGZLWKWKHH[LVWLQJV\VWHP(VSHFLDOO\ZKHQWUDIILFDFFLGHQWVDQG
WUDIILFFRQJHVWLRQKDSSHQWKHVWDWLFSDWKSODQQLQJFDQQRWPDNHFKDQJHVLQOLQH*H<DQHWDO
7KHSURSHUW\VWUXFWXUHRIWKHURDG
7KHSURSHUWLHVRIURDGVKDYHEHHQGHILQHGEHIRUHFRQVWUXFWLRQ5RDGDWWULEXWHLQIRUPDWLRQFDQEHGLYLGHG
LQWREDVLFSURSHUWLHVDQGWUDQVSRUWSURSHUWLHV7KHEDVLFSURSHUWLHVDUHWKHIHDWXUHVRIURDGLWVHOI6XFKDVURDG
QDPHV URDG FRGHV URDG DGGUHVV SDYHPHQW SDYLQJ DQG VR RQ7UDQVSRUW SURSHUWLHV LV UHODWHG WR WKH WUDIILF
LQIRUPDWLRQ LQFOXGLQJ WKH URDG W\SH URDG JUDGH YHKLFOHV W\SHV WUDIILF GLUHFWLRQ UHVWULFWLRQV VSHHG OLPLWV
HWF*H/HL7KHSURSHUWLHVRIWKHQHWZRUNVWUXFWXUHDVVKRZQLQWKHILJXUH

)LJWKHSURSHUWLHVRIWKHQHWZRUNVWUXFWXUH
7KHPDLQOHYHOPRGHO
6LPXODWLRQPRGHO
,WLVWKHKLJKHVWOHYHOLQWKHPRGHORIWKHHQWLUHURDGQHWZRUNPRGHOLQFOXGLQJDOORIWKHREMHFWPRGHOVRI
WKHWUDIILFVLPXODWLRQ$FRPSOHWHWUDIILFQHWZRUNLVPDGHXSRIPDQ\URDGVDQGWKHUHODWLRQVKLSVRIWKHURDGV
7KHUHIRUHWKHVLPXODWLRQHQYLURQPHQWPRGHOLVXVHGWRXQLIRUPO\RUJDQL]HDQGPDQDJHWKHVHURDGZD\VDQG
UHODWLRQV 7KH PRGHO FRUUHVSRQGV WR WKH FRPSOHWH WUDQVSRUWDWLRQ QHWZRUN LQ SUDFWLFH ,W LQFOXGHV DOO WKH
SDUDPHWHUVDQGRSHUDWLRQVQHFHVVDU\WRHVWDEOLVKDWUDIILFVLPXODWLRQHQYLURQPHQW
7KHURDGHOHPHQWVDUHDEVWUDFWHGLQWRDFRQWLQXRXVFXUYHVHJPHQWVZLWKDXQLTXHORJRDQGXQLIRUPWUDIILF
LQIRUPDWLRQ5RDGUHODWLRQVKLSHOHPHQWLVWKHUHODWLRQVKLSEHWZHHQWKHWZRGLIIHUHQWURDGVGHWHUPLQHGE\WKH
WRSRORJ\RQWKHVSDFHDQGWUDIILFLQIRUPDWLRQ$FFRUGLQJWRWKLVGHILQLWLRQWKHVLPXODWLRQHQYLURQPHQWPRGHO
LVDWXSOHVHW/ 5,2(ZKHUH5 ^UU UQ` LVDVHWZKLFKLVFRPSRVHGRIDOLPLWHGQXPEHURI
URDG HOHPHQWV , ^LˈLˈ«ˈLP LV D VHW ZKLFK FRQVLVWV RI D OLPLWHG QXPEHU RI URDG UHODWLRQVKLSV HDFK
UHODWLRQVKLSLVUHSUHVHQWHGE\WKHLQWHUVHFWLRQIRUPRIWZRGLIIHUHQWURDGLM UMîUN _ MˈN «QDQGMN
2 ^22«2Q`2LULîULDQG( ^HOˈHˈ«ˈHQ`HL ULîULDUHWKHVHWVZKLFKLVPDGHXSRIOLPLWHG
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VWDUWSRLQWVDQGHQGSRLQWV5RDGHQGSRLQWVRQO\PHDQWKDWWKH\DUHWKHVWDUWRUHQGSRLQWRIWKHURDGWKHUHDUH
QRWUDIILFLQIRUPDWLRQ7KH\MXVWVKRZWKDWWKHURDGLVOLPLWHG
6LQFH WKHHQWLUHQHWZRUN WRSRORJ\ LVGHWHUPLQHGE\URDGUHODWLRQVKLSDQGURDG URDGPRGHODQG WKHURDG
UHODWLRQDO PRGHO LV PRUH LPSRUWDQW RI WKH WZR VXEPRGHOV LQ WKH VLPXODWLRQ HQYLURQPHQW PRGHO 7KH
IROORZLQJLVWKHDQDO\VLVRIWKHVHWZRVXEPRGHOV
5RDGPRGHO
(YHU\URDGHOHPHQWULVDIRXUWXSOHLGLQIRFBURDGFBLLQZKLFKLGLVWKHXQLTXHLGHQWLILHUIRUHDFKURDG
HOHPHQW7KH LQIR LV DWWULEXWH LQIRUPDWLRQFROOHFWLRQRQ WKH URDG LQFOXGLQJEDVLFSURSHUWLHV VWDWLF WUDQVSRUW
SURSHUWLHVDQGG\QDPLF WUDIILFDWWULEXWH LQIRUPDWLRQFBURDG LV WKHFXUYH LQIRUPDWLRQFROOHFWLRQRI WKHURDG
7KURXJK HDFK LQIOHFWLRQSRLQW LQIRUPDWLRQRQ WKH FXUYH VHJPHQW LQ WKH URDG UHIOHFWV WKH HQWLUH URDG VSDWLDO
ORFDWLRQLQIRUPDWLRQ7KHLQIOHFWLRQSRLQWLVWKHSRLQWRIWKHURDGFKDQJHVLQVSDFHLQFOXGLQJWKHSRLQWZKLFK
LQGLFDWHVWKHVSDWLDOORFDWLRQLQIRUPDWLRQRIWKHFXUYHVHJPHQWDVZHOODVWKHSRLQWZKLFKUHIOHFWVWKHSRVLWLRQ
WKHURDGUHODWLRQVKLSKDSSHQHG7KHXQLTXHPDUNRILQIOHFWLRQSRLQWVLVVWRUHGLQRUGHUDFFRUGLQJWRWKHURDG
GLUHFWLRQ FBL LV FRPSRVHG RI D FROOHFWLRQ RI URDG UHODWLRQ DQG DUUDQJHG LQ FKURQRORJLFDO RUGHU ZLWK URDG
UHODWLRQVWKHFBLXVHGWRVKRZWKHURDGVKDYHUHODWLRQVKLSZLWKZKLFKURDGDQGWKHURDGUHODWLRQVKLSDQGWKH
RUGHUDQGWKHSRVLWLRQRIWKHUHODWLRQVKLSVKDYHKDSSHQHG
7KHFXUYHVHJPHQWLQIRUPDWLRQFROOHFWLRQRIWKHURDGHOHPHQWVFBURDGLVDOLVWVWUXFWXUHZKLFKLVFRPSRVHG
RIDQLQIOHFWLRQSRLQWLQIRUPDWLRQHOHPHQWQBURDG,QZKLFKHYHU\HOHPHQWLVDWULSOHQBURDG QBLGQB[QB\
QBLG LV WKH LQIOHFWLRQSRLQW LGHQWLILFDWLRQQB[DQGQB\DUH WKH(XFOLGHDQVSDFHFRRUGLQDWHV IRU WKH LQIOHFWLRQ
SRLQW 7KH LQIOHFWLRQ SRLQW LQIRUPDWLRQ LV DUUDQJHG LQ WKH OLVW VWUXFWXUH DFFRUGLQJ WR WKH ORFDWLRQ RI WKH
LQIOHFWLRQ SRLQW LQ WKH URDG IRUZDUG RQ WKH FKURQRORJLFDO RUGHU FBURDG DFWXDOO\ VWRUHV VSDWLDO ORFDWLRQ
LQIRUPDWLRQRIURDGV
FBL WKH URDG UHODWLRQVKLSFROOHFWLRQRI WKH URDGHOHPHQWV LV D OLVW VWUXFWXUH WKDW WKH URDG UHODWLRQVKLSVDUH
DUUDQJHG LQ FKURQRORJLFDO RUGHU LQ DFFRUGDQFH ZLWK WKH UHODWLRQVKLSV RQ WKH URDG 7KH URDG UHODWLRQVKLS
LGHQWLILFDWLRQVDUHVWRUHGLQWKHOLVWVLQRUGHU
5RDGUHODWLRQVKLSPRGHO
5RDG UHODWLRQVKLS , LV D ILYHWXSOH UHO\LQJRQ WKH URDG ,5  UˈUˈFFˈLBLGˈQBLG UDQG UDUH WKH
URDGV WKDW FRQVWLWXWH WKH UHODWLRQVKLS DQG WKH SRVLWLRQ ZKHUH WKH URDG UHODWLRQV KDSSHQ 7KLV ORFDWLRQ
LQIRUPDWLRQLVH[SUHVVHGE\WKHSDWKOHQJWKLBLGLVWKHLGHQWLILFDWLRQRIWKHURDGUHODWLRQVIRUGHWHUPLQLQJWKH
QXPEHUWKDW WKHWZRURDGVRFFXUUHGURDGUHODWLRQV$VWKHSRLQWWKDWKDSSHQVWKHURDGUHODWLRQVPXVWEHWKH
LQIOHFWLRQSRLQWRQWKHURDGQBLGFRUUHVSRQGVWRWKHLQIOHFWLRQSRLQWPDUNLQWKHURDGHOHPHQWVRIWKHFXUYH
VHJPHQW LQIRUPDWLRQFROOHFWLRQXVHV WRGHVFULEH VSDWLDOSRVLWLRQ LQIRUPDWLRQRQ WKH URDG UHODWLRQVFF LV DQ
LQIRUPDWLRQPDWUL[RI WKH URDG UHODWLRQVKLS5RDG UHODWLRQVFDQDFWXDOO\EHFRQVLGHUHG WREHDQ LQWHUVHFWLRQ
ZKLFKFRQVWLWXWHGE\WKHWZRURDGVFFQDPHO\WKHLQWHUVHFWLRQWUDIILFLQIRUPDWLRQFDQFRQWDLQVXSWRî
NLQGVRIWUDIILFLQIRUPDWLRQLQFOXGLQJWKHIRUZDUGSDVVUHYHUVHLQWHUVHFWLRQWUDIILFGHOD\IRUZDUGDQGUHYHUVH
ZKHWKHUWRDOORZWKH8VKDSHGVWHHULQJOHIWWXUQDQGULJKWWXUQLQIRUPDWLRQHWF(DFKURDGUHODWLRQVKLSLQWKH
JHQHUDOL]HG URDGQHWZRUNPRGHO LV GHWHUPLQHGE\ WKH WZR URDGV)RU WZRRUPRUH URDGV LQWHUVHFWLQJ DW WKH
SRLQW RI URDG LQWHUVHFWLRQV WKH UHODWLRQVKLS EHWZHHQ HDFK WZR RI WKHVH LQWHUVHFWLQJ URDGV LV UHVSHFWLYHO\
GHVFULEHV 7KDW LV ZKHQ PRUH WKDQ WZR URDGV FURVV WKH VDPH LQWHUVHFWLRQ WKH LQWHUVHFWLRQ LWVHOI LV WR EH
UHSHDWHG$OWKRXJKFRPSDUHGZLWKUHSUHVHQWDWLRQRIWKHURDGVFURVVLQJWKHFRUUHVSRQGLQJQRGHWKHQXPEHURI
URDG UHODWLRQVKLS WKDW QHHGV WREHH[SUHVVHG LV JUHDWHU WKDQ WKHQXPEHURI QRGHV WKLVPHWKRGFDQ WDNH IXOO
SHUIRUPDQFHRIVWHHULQJOLPLWDQGVWHHULQJGHOD\RIWKHWUDIILFURDGQHWZRUN:KDW
VPRUHGXHWRWKHDYHUDJH
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RISHUFHQW&DOGZHQ7WUDYHOWLPHRIWKHXUEDQURDGQHWZRUNLVVSHQWWKURXJKWKHLQWHUVHFWLRQ$QG
HYHQLILWLVIRUZDUGSDVVWKURXJKWKHLQWHUVHFWLRQVKRXOGWDNHXSDFRQVLGHUDEOHSDVVDJHRIWLPHWKHVHWWLQJV
RIURDGUHODWLRQVKLSPDWUL[LQWKHJHQHUDOL]HGQHWZRUNPRGHOIXOO\FRQVLGHUWKHVWUDLJKWOLQHWUDIILFGHOD\
$QDFWXDOURDGLQWHUVHFWLRQDVVKRZQLQILJXUHDDQGLWVGLUHFWLRQRIWKHWUDIILFIORZDVVKRZQLQILJXUH
E,WFRQVLVWRIURDG$DQGURDG%DQGLWDOVRVKRZVWKDWURDG$DQGURDG%KDYHURDGUHODWLRQVKLSDWWKLV
SRLQW7KH URDG WUDIILF LQIRUPDWLRQPDWUL[FF WDEOH LQ WKH IRUPRI WUDIILF FRVW VSHFLILFDOO\GHVFULEHG WKH
WUDIILFLQIRUPDWLRQEHWZHHQWKHWZRURDGV$DQG%RQWKDWLQWHUVHFWLRQ,IWKHUHDUHWUDIILFGLUHFWLRQUHVWULFWLRQV
LQ WKHURDG$RU% WKH WUDIILF LQIRUPDWLRQ LVVKRZQLQ WKHIRUPRI WKHHPSW\ VHW8VLQJD ODUJHUYDOXHSUH
DJUHHGVKRZVWKHVWHHULQJOLPLWDQGWKHUHVWRIWKHYDOXHLQGLFDWHVWKHFRUUHVSRQGLQJWUDIILFFRVWWKLVFRVWFDQ
EHGLVWDQFHWLPHDQGVRRQ

)LJD$QDFWXDOURDGLQWHUVHFWLRQEWKHGLUHFWLRQRIWKHWUDIILFIORZ
7DEOH7KHURDGWUDIILFLQIRUPDWLRQPDWUL[FF
 $IRUZDUGGLUHFWLRQ $UHYHUVH %IRUZDUGGLUHFWLRQ %UHYHUVH
$IRUZDUG
GLUHFWLRQ
7KHFRVWRIJRLQJDORQJ
WKHURDG$IRUZDUG
WKRXJKWKHLQWHUVHFWLRQ
7KHFRVWRIJRLQJ
IRUZDUGDORQJWKHURDG
$DQGWDNLQJ8
VKDSHGWXUQ
7KHFRVWRIJRLQJIRUZDUG
DORQJWKHURDG$DQG
WXUQLQJULJKW
7KHFRVWRIJRLQJ
IRUZDUGDORQJWKHURDG
$DQGWXUQLQJOHIW
$UHYHUVH 7KHFRVWRIJRLQJDORQJ
WKHUHYHUVHGLUHFWLRQRI
WKHURDG$DQGWDNLQJ8
VKDSHGWXUQLQJ
7KHFRVWRIJRLQJ
DORQJWKHUHYHUVH
GLUHFWLRQRIWKHURDG$
7KHFRVWRIJRLQJDORQJWKH
UHYHUVHGLUHFWLRQRIWKH
URDG$DQGWXUQLQJOHIW
7KHFRVWRIJRLQJ
DORQJWKHUHYHUVH
GLUHFWLRQRIWKHURDG$
DQGWXUQLQJULJKW
%IRUZDUG
GLUHFWLRQ
7KHFRVWRIJRLQJ
IRUZDUGDORQJWKHURDG%
DQGWXUQLQJOHIW
7KHFRVWRIJRLQJ
IRUZDUGDORQJWKHURDG
%DQGWXUQLQJULJKW
7KHFRVWRIJRLQJDORQJWKH
URDG%IRUZDUGWKRXJKWKH
LQWHUVHFWLRQ
7KHFRVWRIJRLQJ
IRUZDUGDORQJWKHURDG
%DQGWDNLQJ8VKDSHG
WXUQ
%UHYHUVH 7KHFRVWRIJRLQJDORQJ
WKHUHYHUVHGLUHFWLRQRI
WKHURDG%DQGWXUQLQJ
ULJKW
7KHFRVWRIJRLQJ
DORQJWKHUHYHUVH
GLUHFWLRQRIWKHURDG$
DQGWXUQLQJOHIW
7KHFRVWRIJRLQJDORQJWKH
UHYHUVHGLUHFWLRQRIWKH
URDG%DQGWDNLQJ8
VKDSHGWXUQLQJ
7KHFRVWRIJRLQJ
DORQJWKHUHYHUVH
GLUHFWLRQRIWKHURDG%
'\QDPLFWUDIILFLQIRUPDWLRQPRGHO
'\QDPLFWUDIILFLQIRUPDWLRQLQFOXGLQJWKHGHJUHHRIURDGFRQJHVWLRQWUDIILFIORZHWF6XFKLQIRUPDWLRQLV
DOVR WKH WUDIILF DWWULEXWH RI WKH URDG HOHPHQW%XW EHFDXVH VXFK LQIRUPDWLRQ FKDQJHV DV WKH UHDO WLPH WKHLU
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PDQDJHPHQWVW\OHVDUHGLIIHUHQWIURPWKHVWDWLFWUDQVSRUWSURSHUWLHVDQGWKH\QHHGWREHXSGDWHGG\QDPLFDOO\
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